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Abstract
The author presents a new model for stock price fluctuations based on a concept of "information." In contrast,
the usual Black-Scholes-Merton-Samuelson (1965, 1973) model is based on the explicit assumption that
information is uniformly held by everyone and plays no role in stock prices. The new model is based on the
evident nonuniformity of information in the market and the evident time delay until new information
becomes generally known. A second contribution of the paper is to present some problems with explicit
solutions which are of value in obtaining insights. Several problems of mathematical interest are compared in
order to better understand which optimal stopping problems have explicit solutions
Keywords
information theory, optimisation, stock markets, information nonuniformity, optimal stopping problems,
stock price fluctuations model, stock prices, time delay, control theory, cost accounting, delay effects,
fluctuations, helium, mathematics, pricing, statistics, stochastic processes, stock markets
Disciplines
Business | Statistics and Probability
This journal article is available at ScholarlyCommons: http://repository.upenn.edu/statistics_papers/175
    	
 
 
		  

	

 

	ﬀ ﬁ ﬂ ﬃ  

 !"# $%$ &' "# (&(")%*&( *+ *!& ,&,+'- +. ,- (&%' .'"&/( 0%'+/ 1 -/&' 2 *!& 3&44 5/+3/
"/.+', %*"+/ *!&+'"#* 6
789:;<=: 6
> $'&#&/* % /&3 ,+(&4 .+' #*+ )5 $'")& ?@)*@%*"+/# A%#&( +/ % )+/)&$* +. B"/.+', %*"+/C 6
>/ )+/*'%#* 2 *!& @#@%4 D4%)5EF)!+4&#EG &'*+/EF%,@&4#+/ ,+(&4 "# A%#&( +/ *!& HIJ KLMLN %#E
#@,$*"+/ *!%* "/.+', %*"+/ "# @/".+', 4- !&4( A- &O&'-+/& %/( $4%-# PQ '+4& "/ #*+)5 $'")&# 6
 !& /&3 ,+(&4 "# A%#&( +/ *!& &O"(&/* /+/E@/".+', "*- +. "/.+', %*"+/ "/ *!& , %'5&* %/( *!&
&O"(&/* *", & (&4%- @/*"4 /&3 "/.+', %*"+/ A&)+,&# R&/&'%44- 5/+3/ 6
0 #&)+/( )+/*'"A@*"+/ +. *!& $%$&' "# *+ $'&#&/* #+, & $'+A4&, # 3 "*! &S$4")"* #+4@*"+/#
3!")! %'& +. O%4@& "/ +A*%"/"/R "/#"R!*# 6 > )+,$%'& #&O&'%4 $'+A4&, # +. , %*!&, %*")%4 "/*&'&#*
"/ +'(&' *+ A &**&' @/(&'#*%/( 3!")! +$*", %4 #*+$$"/R $'+A4&, # !%O& &S$4")"* #+4@*"+/# 6
TU=:VWX Y Z [X:;W\]=:VWX Z
 !& /&3 ,+(&4 "# &S$ &)*&( *+ R"O& ,+'& %))@'%*& $'&(")*"+/# +. .@*@'& $'")&# %/( ,+'&
%))@'%*& .+',@4%# .+' !&(R& +$*"+/ O%4@%*"+/# 6  !& /&3 O%4@%*"+/# !%O& A &&/ )%4)@4%*&(
.+' *!& O%'"+@# #*%/(%'( +$*"+/# "/#"(& *!& /&3 ,+(&4 "/ % '&)&/* ^!_ *!&#"# A- ` "/ a@+ 6
D&)%@#& *!& )+/)&$* +. "/.+', %*"+/ "# *!& ('"O "/R +/& "/ *!& /&3 ,+(&4 "* #&&, &( %$$'+$'"%*&
*+ ("#)@## *!"# "/ *!& $'&#&/* "##@& &O&/ *!+@R! B"/.+', %*"+/C "# @#&( "/ % #+,&3!%* ("b&'&/*
#&/#& !&'& *!%/ "/ )+,,@/")%*"+/ *!&+'-6
>/ )+,,@/")%*"+/ *!&+'-2 "/.+', %*"+/ "# LP NHPcHc *+ A & )+,,@/")%*&( 6 d/& "# )+/)&'/&(
3 "*! (&#"R/"/R % , &%/# .+' *!& #@))&##.@ 4 *'%/#.&' +. , &##%R&# .'+, % #+@')& *+ *!& '&)&"O&'
%/( *!& O%4@& +. *!& "/.+', %*"+/ "# "/ "*# #@))&##.@ 4 *'%/#, "##"+/ 6 >/ *!& #*+)5 ,%'5&* 2
*!& '&O&'#& "# @#@%44- *'@& e "/.+', %*"+/ "# !+%'(&( %/( "# +. O%4@& *+ *!& +3/&' QP Kf @/*"4
"* A &)+,&# 5/+3/ *+ +*!&'# 6 F+,& ,&##%R&# %'& %O"(4- )+,,@/")%*&( "/ *!& , %'5&* A@*
%'& '&%44- , &%/* *+ cLgLP
h
Qij *!& '&)&"O&'# 6  !"# , %- +. )+@'#& %4#+ A & *'@& +))%#"+/%44- "/
)+,,@/")%*"+/ *!&+'- 3!")! @#@%44- %O+"(# )+/)&'/"/R "*#&4. 3 "*! *!& j HkPLPl +. *!& , &##%R&
*+ A & *'%/#, "**&( 6 _&#$"*& *!&#& ("b&'&/)&# "/ *!& '+4& +. "/.+', %*"+/ "/ *!& *3+ #"*@%*"+/# 2
m
*!&'& %'& #", "4%'"*"&# "/ *!& , %*!&,%*")# @#&( *+ #*@(- *!&, 6  &'*%"/ 4- $'+A%A"4"#*")%4
,+(&4# $4%- % $'+, "/&/* '+4& "/ A+*! *!&+'"&# 6
>/ F!%//+/ # )+,,@/")%*"+/ *!&+'- @%/*"*%*"O& O%4@& "# %##"R/&( *+ % )!%//&4 "*# '%*&
+' "*# )%$%)"*-  6 ># *!&'& %/-*!"/R #", "4%' "/ *!& , %'5&* 1& %'& %A4& *+ %##"R/ % @%/*"*%*"O&
O%4@& *+ 5/+3 "/R %/ "*&, +. "/.+', %*"+/  LM Lg P	PQP NQ QNHig #%- *!%* % )+,$%/-
"# "/ % #*'+/R +' 3&%5  $+#"*"+/ %* % R"O&/ $+"/* "/ *", & 2 O "% $'")"/R +. +$*"+/# +/ *!&
)+,$%/- # #*+ )5 6  !"# $%$&' "# "/*&/(&( %# % 
 '#* #*&$ *+3%'(# *!& R+%4 +. , %5"/R *!& @#&
+. "/.+', %*"+/ "/*+ % @%/*"*%*"O& *++4 6
TU=:VWX  Z  W\U VX 9:W= ;V=U ]=:]<:VWX9 VX :U ;U<  W; \ Z
 !& $'")&  +. % #*+ )5 %* *", &  "# /+* 3&44E(&
/&( #"/)& "* "# +/4- %.*&' % *'%/#%)*"+/
!%# *%5&/ $4%)& *!%* *!& $'")& A &)+,&# )4&%' 6 D&.+'& *!"# $+"/* *!&'& %'& *3+ $'")&#  A"( %/(
%#5 6 0)*@%4 *'%/#%)*"+/# +))@' "/ ("#)'&*& $+"/*# "/ *", & %/( %* $'")&# 3!")! %'& ("#)'&*&
,@4*"$ 4&# +. % @/"* 6 >* "# /&O&'*!&4&## )+/O&/"&/* *+ ,+(&4      %# % #*+ )!%#*") $'+)&##
)+/*"/@+@# "/ A +*! *", & %/( #$%)& O%'"%A4&# 6
D%)!&4"&' # ﬀD ﬁ 2
mﬂ
 ,+(&4 *%5&# *!& %(("*"O& .+',
 ﬃ   !  "#      2
"/ ,+(&'/ *&', "/+4+R- 3!&'&  "# *!& $'")& %* *", &  ﬃ  2 ! '&$'&#&/*# ciL
h
N2 " $QKkNLKLNf 2
%/( # "# % #*%/(%'( D'+3/"%/ ,+*"+/ $'+ )&## 6 F%,@&4#+/ ﬀF
m
ﬁ 2
mﬂ%&
 @#&( "/#*&%( *!&
&S$+/&/*"%4 .+',
 ﬃ '()*+ ,-. / 0
0 1

   
3!")! !%# *!& %(O%/*%R& *!%*  '&, %"/# /+//&R%*"O& %* %44 *", &# 6  !& *3+ ,+(&4# %$$&%'
,+'& #", "4%' "/ *!&"' #*+ )!%#*") ("b&'&/*"%4 &@%*"+/ .+', 6  !& ("b&'&/*"%4 "/ *!& D%)!&4"&'
,+(&4 "# *!&/
2
  ﬃ !
2
  "
2
#     
3!"4& *!& F%,@&4#+/ ,+(&4 !%#
2
  ﬃ   !
2
  "
2
#     
"/ 3!")! *!& )!%/R& "/  "# $'+$+'*"+/%4 *+ *!& #"3& +.  2 3!")! "# $ &'!%$# , +'& #&/#"A 4& +/
(", &/#"+/%4 )+/#"(&'%*"+/# 6 >*+ # )%4)@4@# 3!&'& 
2
#  4 ﬃ
2
 "# @#&( *+ +A*%"/ *!& ("b&'&/*"%4
5
.+', 6 F%,@&4#+/ # , +(&4 "# /+3 3 "(&4- @#&( *+ #*@(- #*+ )5 $'")&# 6  %)! ,+(&4 #&&, # )'@(&
"/ *!%* &%)! (&$&/(# +/ +/4- *!& *3+ $%'%,&*&'# ! %/( " A@* "* "# $ &'!%$# '&%#+/%A4& *+
%##@,& *!%* *!"# "# %A+@* *!& 4&O&4 +. 5/+3 4&(R& $+##&##&( A- % *-$")%4 "/O&#*+' %/( *!& $'")&
"# '&%44- (&*&', "/&( A- *!& *-$")%4 "/O&#*+' 2 %/( #+ *!& , +(&4 , %- /+* A & #+ A%( 6 >/(&&( "*
!%# #*++( *!& *&#* +. *", & 6
 !& ,+(&4 "# @#&( *+ &#*", %*& *!& .@*@'& $'")& +. *!& #*+ )5 %/( "/ $%'*")@4%' *+ $'")&
+$*"+/# +/ % #*+ )5 6 0/ &S%,$4& +. #@)! %/ +$*"+/ "# *!& $ &'$ &*@%4 0, &'")%/ +$*"+/ "/
3!")! *!& A@-&' 3!+ &S$&)*# *!& $'")& *+ '"#&  $%-# % )&'*%"/ %,+@/* +. , +/&-  *+ A &
(&*&', "/&(  %/( "/ *@'/ '&)&"O&# *!& '"R!* *+ +A*%"/ %* %/- *", &  +. !"# )!+")& % #!%'& +.
*!& #*+)5 %* %/ %R'&&( $'")&  6  "# $'+
* "# *!&/     + 6 1 !%* "#  2 *!& B.%"' $'")&C *!&
A'+5&' #!+@4( %#5 .+' *!"# +$*"+/ .'+, *!& A@-&'
d/& 3%- *+ (&*&', "/&  "# *+ #+4O& % )&'*%"/ +$*", %4 #*+$$"/R $'+A4&, 2 %# ^%@4 F%,@&4#+/
ﬀF
m
ﬁ 2
mﬂ%&
 $+#&( *+  &/'- G ) &%/ 2 *+ 
/( 
   ﬃ   e   !  "  ﬃ #@$  	  
   
+
'
.


)+/#"(&'"/R  *+ A & %/ &#*", %*&(  '%*& %* 3!")! *!& O%4@& +. , +/&- (&)4"/&# 3 "*! *", &
%/( *!& #@$'&,@, *%5&/ +O&' %44 gNQJJ LPl NLj Hg2  6 0* *!& *", & +. #*+$$"/R *!& A@-&'
HI HiMLgHg !"# +$*"+/ 3 "*!+@* +. )+@'#& 5/+3 "/R 3!%* *!& .@*@'& O%4@&# +.  +' #  3 "44 A & 6
G ) &%/ # &4&R%/* &S$4")"* #+4@*"+/ *+ *!& (&*&', "/%*"+/ +.    "# '&$ &%*&( !&'& *+ "44@#*'%*&
*!& , &*!+(# +. *!& #@A &)* 6 1& R"O& "* "/ 0$$&/("S
m
#+ %# /+* *+ "/*&''@$* *!& , %"/ ?+3
+. *!& ("#)@##"+/ 6
>* "# '&%#+/%A4& *+ )+/#"(&'    %A+O& %# *!& .%"' $'")& +. *!& +$*"+/ A&)%@#& .'+, *!&
O"&3$+"/* +. *!& "/*&44"R&/* A@-&' 2 *!& A &#* !& )%/ (+ 3+@4( A& *+ )!++#& %/ +$*", %4 *", & *+
&S&')"#& !"# +$*"+/ 6  !@#    $4@# % #, %44 $'+
*  "# 3!%* *!& A@-&' #!+@4( 3 "44"/R *+ $%-
.+' *!& #&'O")& %/( %4#+ 3!%* *!& A'+5&' #!+@4( A& 3 "44"/R *+ %))&$* 6 >* #!+@4( A& &,$!%#"3&(
*!%* *!& A@-&' %/( *!& A'+5&' #!+@4( %/( $'+A%A4- (+ !%O& ("b&'&/* O%4@&# "/ , "/( .+' !
%/( " 2 &#$ &)"%44- ". +/& +' *!& +*!&' !%# 2 +' *!"/5# !& !%# 2 #+, & B"/#"(&C 5/+3 4&(R& +'
B"/.+', %*"+/C %A+@* *!& )+,$%/- "##@"/R *!& #*+)5 6
G ) &%/ ﬀF
m
ﬁ 2 0$$&/("S 2
mﬂ%&
 #+4O&( *!& $'+A4&, %/( (&*&', "/&(    2 A@* /+* 4+/R
%.*&'3%'(# 2 ^%@4 F%,@&4#+/ '& &)*&( !"# +3/ ,+(&4 .+' $'")"/R +$*"+/# 2 '&$4%)"/R "* A- %/E
+*!&' , &*!+( "/ 3!")! *!& $'")& "# (&*&', "/&( /+* A- #+4O "/R %/ +$*", %4 #*+$$"/R $'+A4&,
A@* "/#*&%( +/ *!& A%#"# +. %/ HIJ KLMLN %##@,$*"+/ *!%* LP
h
Qij kNLQP $4%-# /+ '+4& 6  !& "(&%
"# *!%* %/- /+/E@/".+', ("#*'"A@*"+/ +. "/.+', %*"+/ "# @")54- '&, +O&( A- *!& , %'5&* "*#&4. 2

%/( *!& $'")& +. % #*+)5 %4'&%(- "/)+'$+'%*&# %44 *!& "/.+', %*"+/ A &)%@#& "* "# (&*&', "/&(
A- *!& , %'5&* 6 >* "# .@'*!&' %##@, &( *!%* *!&'& "# /+ %'A"*'%R& %/( *!"# , &%/# *!%* *!&'&
,@#* A & % #&4.E
/%/)"/R $+'*.+4"+ +. #*+ )5# %/( A+/(# 3 "*! %/ &@"O%4&/* $ &'.+', %/)& *+ *!&
+$*"+/ 6 >/ %/ &  )"&/* , %'5&* "* "# %'R@&( *!%* ". "* 3&'& $+##"A 4& *+ *%5& % $ +#"*"+/ "/ #*+ )5#
%/( A+/(# #@)! *!%* /+ ,%**&' 3!%* !%$$&/&( % $'+
* 3+@4( A & ,%(& 3 "*! /+ '"#5 *!&/ *!"#
3+@4( !%O& %4'&%(- !%$$&/&( 2 #+, & B%'A"*'%R&@'C 3+@4( !%O& %4'&%(- &S*'%)*&( *!& $'+
* 2
%/( *!&'&.+'& "* "# #%.& *+ %##@, & *!%* /+ #@)! B.'&& 4@/)!C )%/ &S "#* 6  !"# %@*+, %*")%44-
, %5&# ! *!& B'"#54&## '%*& +. "/*&'&#*C 2 %/( &/#@'&# *!%*  "# % , %'*"/R%4& "*#&4. 6 0/- A&*#
, %(& "/ *!& , %'5&* %'& .%"' %/( *!&'& "# /+ O%4@& *+ "/.+', %*"+/ A&)%@#& "* !%# %4'&%(-
A&&/ &S$4+"*&( 6 +@ ,%- /+* 5/+3 *!& .%)*# A@* *!& , %'5&* 5/+3 # *!&, %/( #+ %44 A &*# %'&
, %'*"/R%4&# 6
G %*!&, %*")"%/# #&&, *+ !%O& 4%'R&4- %R'&&( 3 "*! *!& /&3 $+"/* +. O "&3 +. F%,@&4#+/
ﬀF
5
ﬁ 2
mﬂ
 3!")! 3%# *!& A'%"/E)!"4( +. +A&'* G &'*+/ ﬀF
5
ﬁ 2
mﬂ
20$$&/("S  6 G %*!&, %*"E
)"%/# 3&'& $4&%#&( *!%* , %'*"/R%4&# 3&'& &4&O%*&( *+ )&/*&' #*%R& "/ G &'*+/ # ,+(&4 %/(
*!"# , %- !%O& )%@#&( *!&, *+ .+'&R+ *!& #5&$*")"#, *!%* , %*!&, %*")"%/# +.*&/ A'"/R *+
,+(&44"/R ("#)@##"+/# 6  !& /&3 G&'*+/ ,+(&4 3%# 3 "(&4- %))&$*&( %/( +$*"+/ $'")"/R 3%#
3 "(&4- A%#&( +/ *!& G &'*+/ $")*@'& 6
+3 (+&# +/& "/)+'$+'%*& *!& '+4& +. "/.+', %*"+/ "/*+ % ,+(&4 +. #*+ )5 ?@)*@%*"+/# "/
3!")! .%"' $'")&# , "R!* "/#*&%( A& "/?@&/)&( A- "/.+', %*"+/ ("#$%'"*-
TU=:VWX  Z 7 XU  W\U  8<9U\ WX VX W; <:VWX Z
1& ,+(".- *!& D4%)5EF)!+4&# ,+(&4 3!")! "# *!& , +(&4 A &4+3 3 "*!+@*    #+ *!%* !
%/( " %'& )+/#*%/*# *+ "/)+'$ +'%*& *!& &S "#*&/)& +. "/)'&%#&( +' /+/E@/".+', "/.+', %*"+/
%* )&'*%"/ *", &# A- @#"/R % !"((&/ G %'5+O ,+(&4 2    2 .+' *!& ?@)*@%*"+/# +. *!& $'")& 
+. % #*+)5 "/ *!& .+',
2
  ﬃ   ! 
,

1
2
  " 
,

1
2
#  
3!&'&    "# % /&3 #*+)!%#*") $'+ )&## 3!")! '&$'&#&/*# *!& gNkNH Q
h
LP
h
Qij kNLQP "/ *!& "/O&#*+'
)+,,@/"*-6  !@#    ﬃ  %* *!+#& *", &#  %* 3!")! &O&'-+/& !%# *!& #%, & "/.+', %*"+/ 6 D@*
*!& $'+)&##  ,%- *%5& +*!&' O%4@&# *!%/ 3&'+ 6 1& %##@, & *!%*  ﬃ    "# % G %'5+O $'+)&##
3!")! ,+O&# %,+/R % .&3 
5
+'

 #*%*&# 6    ﬃ
m
, &%/# *!%* *!&'& "# % R'+@$ +. $ &+$4&
3 "*! "/#"(& "/.+', %*"+/ %* *", &  %/( ! 	 ,%- A & 4%'R&' +' #, %44&' *!%/ ! 
 (&$ &/("/R +/ *!&
/%*@'& +. "/#"(& "/.+', %*"+/ 2 *!&'&.+'& *!"# #*%*& , %- ("O"(& "/*+ *3+ *3+ &S*'% #*%*&# 3!&'&
*!&- A &4"&O& *!& )+,$%/- 3 "44 $'+#$ &' +' 3 "44 (&)4"/& 6 @, %/ /%*@'& (")*%*&# *!%* " 	  " 


A&)%@#& *!& "/#"(& R'+@$ 3 "44 )%@#& , +'& %)*"O "*- "/ *!& #*+ )5 6  +' &%)! #*%*& 2  2 *!&'& "#
% 	PQP ('".* $%'%,&*&' !  %/( % 5/+3/ O+4%*"4"*- $%'%, &*&' "  &#*", %*&( O"% ,+(&44"/R
)+/#"(&'%*"+/# %/( +/ $%#* +A#&'O%*"+/%4 (%*% 6 >. 3& %##@,& *!%* *!& " # %'& ("#*"/)* *!&/ "*
"# /+ 4+## +. R&/&'%4"*- *+ %##@, & *!%*    "# %)*@%44- +A#&'O%A4& 2 A &)%@#& *!& 4+ )%4 @%('%*")
O%'"%*"+/ +.   "/ %/- #, %44 "/*&'O%4 *+ *!& 4&.* +.  3 "44 R"O& " 
,

1
&S%)*4- %/( ". *!& O%4@&#
+. "  %'& ("#*"/)* 2 3& , %- %##@,& *!%* " %/( !&/)&    "# +A#&'O%A4& 6 d/& )+@4( %'R@& .+'
% #$ &)"%4 #*%*& )+''&#$ +/("/R *+ cLgLP
h
Qij kNLQP  #+, & "/#"(& R'+@$# , %- %)*@%44- A & , "#4&(
%/( #+ +/& , "R!* 3%/* *+ "/)4@(& % #*%*& 3!")! 3+@4( "/(")%*& *!%* *!&'& "# % R'+@$ +.
"/O&#*+'# 3!+ HiiQPHQg Kf HKLH$H *!%* *!& )+,$%/- # .+'*@/&# %'& R+"/R *+ )!%/R& .+' *!&
$+#"*"O& 2 %/( %/+*!&' #*%*& .+' *!& /&R%*"O& 6 +*& *!%* !  )%//+* %43%-# A & *%5&/ %# *!&
C'"#54&## '%*& +. "/*&'&#*C %# "/ *!& D 4%)5EF)!+4&# *!&+'- A&)%@#& *!& /&3 ,+(&4 (+&# /+* *+
%##@,& %/- #@)! '"#54&## '%*& 6 >/#*&%( !+3&O&' !  2 "  %/( *!& *'%/#"*"+/ '%*&# *+ 4&%O& &%)!
"/.+', %*"+/ #*%*& !%O& *+ A & &#*", %*&( +/ *!& A%#"# +. $%#* (%*% +/ *!& $%'*")@4%' #*+)5 2 +'
+/ +*!&' )+/#"(&'%*"+/# +. , +(&4"/R 6
 !& .%"' $'")& +. *!& 0,&'")%/ 2 @##"%/ %/(  @'+$ &%/ +$*"+/# !%# A &&/ +A*%"/&( .+' *!"#
$'&#@, %A4- ,+'& %))@'%*& LP MQjJ KHNH , %'5&* ,+(&4 2 "/ ﬀa@+ﬁ 2
mﬂﬂﬂ
2 #&& %4#+ ﬀa@+
m
2 a@+
5
ﬁ 6
 !& ,&*!+( @#&( *!&'& "# @"*& #", "4%' *+ *!%* @#&( A- G) &%/ (&#)'"A &( %* *!& &/( +. ,-
$%$&' &S)&$* *!& (&*%"4# %'& ,@)! ,+'& )+,$4")%*&( %/( *!& +$*", %4  "# /+* %# #", $4& %#
% *!'&#!+4( '@4& %# "/ ﬀF
m
ﬁ 2 0$$&/("S 2
mﬂ%&
 6  +' *!& )%#& +. *!& @##"%/ +$*"+/ 2 (&#)'"A &(
A&4+3 2 *!& $'")"/R .+' *!& )+,$4&*& , %'5&* , +(&4 3%# R"O&/ "/ ﬀF!
m
ﬁ 2
mﬂﬂ
 6 1& !+$ & *!%*
*!& /&3 $'")&# #!+3 R'&%*&' %))@'%)- "/ '&*'+#$ &)*"O& #*%*"#*")%4 #*@("&# A@* *!"# '&, %"/# *+
A & "/O&#*"R%*&( 6
 + .@'*!&' &S$%/( +/ *!& )+,$%'"#+/ +. *!& '+4& +. "/.+', %*"+/ !&'& %/( "/ )+,,@/")%*"+/
*!&+'-2 +/& , "R!* 3&44 %##"R/ *!& kPNLNkNL$H $kK H +. 5/+3 "/R *!%* #%-  ﬃ
m
%# *!& ("b&'&/)&
"/ O%4@& A &*3&&/ *!& )%4)@4%*&( O%4@& +. % !&(R& +$*"+/ 3 "*!  ﬃ
m
%/( *!& #%,& +$*"+/ 3 "*!
 ﬃ  2 R "O&/ A- a@+ # .+',@4% 2   
m
       6 0/+*!&' @%/*"*%*"O& #&/#& +. @%/*".- "/R
*!& O%4@& +. "/.+', %*"+/ 3+@4( A& A%#&( +/ *!& ("b&'&/)&     	
   "/ *!& O%4@&# +.
%/ +$*"+/ )%4)@4%*&( +/ *!& #",$4& D 4%)5EF)!+4&#EG &'*+/EF%,@&4#+/ ,+(&4 %/( *!%* +A*%"/&(
"/ ﬀa@+ﬁ  6   "*!&' +. *!&#& O%4@&# %##"R/&( *+ "/.+', %*"+/ 3+@4( A& %/ "/*'"/#") (&
/"*"+/ +.
"/.+', %*"+/ 3!")! , "R!* $4%- % '+4& "/ 
/%/)& +. )+@'#& +/4- )'@(&4-  #", "4%' *+ *!& '+4& "/
)+,,@/")%*"+/ *!&+'- $4%-&( A- F!%//+/ # )+/)&$*# +. "/.+', %*"+/ %/( )!%//&4 )%$%)"*-6
 !& '&*'+#$ &)*"O& #*@(- , "R!* (&,+/#*'%*& *!& $ +##"A "4"*- +. &S*'%)*"/R $'+
* .'+, 5/+3 "/R
&
*!& /&3 O%4@& 6
0/ "/*&'&#*"/R %4*&'/%*"O& *!&+'- +. +$*"+/ $'")"/R A%#&( &S)4@#"O&4- +/ &/*'+$- )+/#"(E
&'%*"+/# !%# A &&/ R"O&/ A- a@45+ ﬀa@45+ﬁ  6
 &* # 4++5 "/ $%'*")@4%' %* +/& #@)! !&(R& +$*"+/ *+ #&& !+3 *!&  # %'& )%4)@4%*&( 6
TU=:VWX  Z U ]99V<X W:VWX 6
 !& @##"%/ +$*"+/ "# %/ 0,&'")%/ *-$& +$*"+/ 6 >* "# % )+/*'%)* *!%* %44+3 # *!& +3/&'
*+ )!++#& %/ &S&')"#& (%*& 2 '&$'&#&/*&( A- *!& #*+$$"/R *", &  %/( *!&/ $%-# *!& +3/&'
&"*!&'  +' *!& , %S",@, #*+)5 $'")& %)!"&O&( @$ *+ *!& &S&')"#& (%*& 2 3!")!&O&' "# 4%'R&' 2
( "#)+@/*&( A- '.

3!&'&  "# )!+#&/ A- *!& %R'&&, &/* A &*3&&/ *!& A@-&' %/( *!& A'+5&' 6 >/
+*!&' 3+'(# 2 *!& @##"%/ +$*"+/ %44+3 # -+@ *+ iHcMH fQi iHliHN ". -+@ , "## *!& $ &%5 $+"/*
+. *!& #*+)5 $'")& "/ *!& #&/#& *!%* "* %44+3 # -+@ *+ )!++#& *!& !"R!&#* JkgN $'")& +. *!& $%*! 2
3 "*! % '&%#+/%A4& ("#)+@/* A- '
.

6  + +@' 5/+3 4&(R& 2 *!"# O&'- '&%#+/%A4& !&(R& +$*"+/ !%#
/&O&' %)*@%44- A &&/ +b&''&( A- %/- 
 ', 6  !&'& "# A +*! % 4+/RE*&', A@- ﬀF!
m
ﬁ  %/( % #!+'*
#&44 ﬀF!
5
ﬁ O&'#"+/ 2 $'")&( @/(&' *!& +4( , +(&4 6
 !& +3/&' +. *!& +$*"+/ 3 "44 /%*@'%44- #&&5 %/ &S&')"#& #*'%*&R- *!%* 3 "44 , %S ", "3&
*!& &S$ &)*&( O%4@& +. *!"# .@*@'& '&3%'( 6 G %*!&, %*")%44-2 "* "# *!& .+44+3 "/R @&#*"+/ 2  &*
 ﬃ      A & *!& $'")& $'+ )&## .+' % #*+)5 2 3 "*!  
 ﬃ    6 a "O&/ % )+/#*%/*    2
4&*   ﬃ ,%S   #@$

	
 	  2 *!&/ 3!%* "#
       !  "  ﬃ #@$


	 '
.



 
+*& *!%* "* "# /&)&##%'- *+ )+/#"(&' *!& ,+'& R&/&'%4 )%#& 3!&'&  
  &O&/ *!+@R! 3&
'&%44- #*%'* 3 "*!  ﬃ  A&)%@#& %.*&' %/ "/#*%/* 2 3& 3 "44 !%O&  
   6  +' (&*%"4# +/ *!"#
%/( +*!&' $+"/*# +. *!& @##"%/ +$*"+/ #&& ﬀF!
m
2 F!
5
2 F!

ﬁ 6  !& &S$+/&/*"%4 +' , &,+'- 4&##
("#)+@/*"/R &4", "/%*&#  %/(     "# *!& $!%#& #$%)& .+' *!"# )+/*'+4 $'+A4&, 6 >/#"(& *!&
/&3 ,+(&4 2 *!& $!%#& #$%)& ,@#* %4#+ "/)4@(& *!& #*%*&  %/( "#       6 >* "# % 3&44E$ +#&(
,%*!&, %*")%4 $'+A4&, 2 %/( *!& #+4@*"+/ .+' *!& LP MQjJ KHNH , %'5&* ,+(&4 !%# A &&/ .+@/(
ﬀa@+ ﬁ  6
 %'4"&' 2 F!"'-%&O %/( > +A*%"/&( *!& .%"' O%4@& +. *!& @##"%/ +$*"+/ A%#&( +/ *!& @#@%4
D 4%)5EF)!+4&# ,+(&4 6  !& O%4@& 3& +A*%"/&( 3%# #", $4& 2
0 ##@,&   ,%S   !  %/( 4&*  ﬃ  	 2  ﬃ 
4
2  	 
  

m

 
4
A& *!& *3+ '++*# +. *!&
@%('%*") &@%*"+/
	
4
" 4 4   ! 
(
0
4
 ﬃ    	 
4
ﬃ
/ 0
0
.- ,
/
0
0
.-
1
0
+
4
(
0

(
0
%
%/( #&*
 
ﬃ 
	
. 


	
.


0



0 


6
 !&/

    ﬃ





	


0
.




4

	
	



  	 
	
	


0
 
	
 



   
 

	

"# *!& %/#3&' *+ *!& %A+O& $'+A4&, 2 " 6& 62     

    6
 !& A%#") "(&% "/ *!& $'++. "/ ﬀF!
m
ﬁ  "# *!& #%, & %# G ) &%/ # $'++. "/ 0$$ &/("S
m
%/(
"# A%#&( +/ ,%'*"/R%4&# 6 %, &4- +/& #!+3 # *!%*
  ﬃ '
.


      
"# % #@$&', %'*"/R%4& 2 %/( #+   


  
 .+' &O&'-  6 d/& 
 '#* #!+3 # *!%*

      .+'
&O&'-    %/( *!&/ *!"# R"O&# *!%*

 "# %/ @$$&' A +@/( +/  #"/)& .+' &O&'-  3& !%O& 
	 
	
'
.



 ﬃ   


  
 ﬃ

    6
 !& ("  )@4*- "# +/4- "/ R@&##"/R *!& '"R!* .@/)*"+/ *+ @#& .+'

 6 >/ *!& #%, & 3%-2 ﬀa@+ ﬁ 
"/O&/*# *!& %$$'+$'"%*&

 #+ *!%* *!& #%, & %'R@,&/* 3+'5# .+'
  ﬃ '.


         
%/( $'+O&# *!%* "* "# % #@$&', %'*"/R%4& A- $'+O "/R *!%*  "# &S$ &)*%*"+/ (&)'&%#"/R 2
 ﬀ
2
    ﬁ

 2 3!")! R"O&# *!& A+@/( 


 6
a@+ $'+O&# *!%*   "# @/".+', 4- "/*&R'%A4& 2 %/( *!&/ *!& @#@%4 $'++. #!+3 # *!%* *!&
A+@/(

 "# %)!"&O%A4& 6 +*& *!%* , %'*"/R%4&# %'& #*"44 "/O+4O&( %/( $'+A%A"4"#*# /&&( /+*
.&%' +A#+4&#)&/)& 
D@* !+3 (+&# +/& R@&##

   !& ,&*!+( @#&( "# "(&/*")%4 *+ *!& , &*!+( @#&( *+ #+4O&
4"/&%' $'+R'%,, "/R $'+A4&, # %/( MkPPQN H MQcL

Hc A@* '&4"&# +/ "/*@"*"+/ %/( "/#"R!* "/*+
*!& .+', +. *!& #+4@*"+/ 6 d/& )%/ , &'&4- R"O& #+, & R&/&'%4 )4@&# +/ !+3 *+ R@&## 6 d/& )4@&
*+ %"( "/ R@&##"/R "/O+4O&# *!& #+E)%44&( B$'"/)"$ 4& +. #, ++*! 
*C 6  !%* +$*", %4 #*+)!%#*")
)+/*'+4 %/( 4"/&%' $'+R'%,, "/R %'& )4+#&4- '&4%*&( "# /+* R&/&'%44- %$$'&)"%*&( 2 A@* #&&
ﬀ %5 ﬁ  6 d/& #&&5#

 *+ #%*"#.- *!& + 6( 6& 6 "/ *!& )+/*"/@%*"+/ '&R"+/ %/( *!& #*+$$"/R '&3%'(
"/ *!& #*+$ '&R"+/ 


     ﬃ !

	     
	
4
" 44

		     
  
 
3!"4&

    ﬃ  .+' 

    6 1& /&&(


	
   ﬃ  %4+/R  ﬃ  *+ , %5&   "/*+ %
#@$ &', %'*"/R%4& #+ 3& ",$+#& *!"# 2 %/( 
/%44-2 3& ",$+#&  gN HPQl #, ++*!/&## %4+/R
 ﬃ    *+ @/"@&4- (&*&', "/&

 6 0 # #!+3/ "/ ﬀF!
m
ﬁ  *!"# , %5&#   % 4"/&%' .@/)*"+/ 6
 %*&' "* 3%# %'R@&( "/ ﬀF!

ﬁ  *!%* *!&'& "# %/ &%#"&' , &*!+( +. #+4@*"+/ A%#&( +/ *!&
.%)* *!%* 
*

*
"# %/ &,A&((&( G %'5+O $'+ )&## 3!")! "# *'@& A-  &O- # *!&+'&,  6 > /+3
A&4"&O& *!%* *!"# %'R@, &/* 3+'5# QP Kf A &)%@#& *!& %/#3&' 2

 2 !%$$ &/# *+ "/O+4O& 	
	
6 > *'- *+
)4%'".- *!"# $+"/* "/ 0$$&/("S
5
2 3!&'& #+, & /&3 O%'"%/*# +. *!& @##"%/ +$*"+/ %'& *'&%*&(
A- R"O "/R &S%,$4&# 3!&'& +/& )%/ #+4O& *!& $'+A4&, A@* *!& &,A&((&( G %'5+O $'+)&## 
*

*
$4%-# /+ '+4& 6 d/ *!& +*!&' !%/( 2 ﬀa@+ﬁ  ,%5&# R++( @#& +. 
*

*
2 3!")! "# %R%"/ % G%'5+O
$'+ )&## &O&/ 3 "*! *!& !"((&/ G %'5+O $'+)&##    "/ $4%)& 2 "/ +'(&' *+ #", $4".- !&' $'++.
+. +$*", %4"*- %/( %4#+ *+ (+ /@,&'")%4 )%4)@4%*"+/# %# % )!&)5 6 0 A'+%( )4%## +. $'+A4&, #
#", "4%' *+ *!+#& "/ *!& %$$&/("S !%O& A &&/ *'&%*&( "/ ﬀ^&#5"'ﬁ  6
TU=:VWX  Z 7 ;U <; WX =W U:VX :U  <;U: Z
 !&'& , %- A & % 3%- +@* .+' *!& /+/E%'A"*'%R& #)!++4 %# 3%# 5"/(4- $ +"/*&( +@* A- _%''&44
_@  & "/ $ &'#+/%4 )+,,@/")%*"+/ 6 _@  & $'+$+#&( *!%* % *++4 2 )%44&( % B*")5&*C 2 )+@4( +'
3+@4( A& (&O "#&( *+ MQjJ KHNH *!& , %'5&* 6 F@$$+#& *!%* %* &%)! *", &  2 #@$$+#& *!&'& "# %
, %'5&* .+' % #&)@'"*- *!%* $%-# % (+44%' %* *!& /&S* *", &    ﬃ "/.        ﬃ    *!%*
*!& G%'5+O )!%"/  )!%/R&# #*%*& 6  !&'&%.*&' *!"# )+/*'%)* A &)+,&# 3+'*!4&## !%# /+ .@*@'&
("O "(&/(#  2 %/( % /&3 )+/*'%)* "# "##@&( *!%* $%-# %* *!& /&S* )!%/R& +. #*%*& 6 >* "# &%#-
*+ #&& *!& , %'5&* "# )+,$4&*& 3 "*! *!"# /&3 *")5&* 2 3!")! %)*@%44- .@/)*"+/# *+ &4", "/%*&
*!& $+##"A4& ("b&'&/)& +. "/.+', %*"+/ 6 1 !&*!&' +' /+* _@  & # )4&O&' "(&% '&#@''&)*# *!&
/+/E%'A"*'%R& %##@,$*"+/ (&$&/(# +/ 3!&*!&' +/& )%/ 
/( #+,&+/& *+ , %'5&* #@)! % *")5&* 6
 !"# #&&, # #+, &3!%* (+@A*.@4 *+ , & 2 %4*!+@R! *!& 
/%4 O&'(")* '&, %"/# *+ A & +A*%"/&( 6
TU=:VWX  Z 7 ;U <; WX  <9 :UW;	 W  
< ]<:VWX W  ] :V U;9WX < U9 Z
+/  &@, %// *!&+'- "# @#&.@ 4 .+' %##"R/"/R % O%4@& *+ % *3+ $ &'#+/ 3&'+ #@, R%, & %/(
*+ $'")"/R #*+)5 +$*"+/# O"% #*+)!%#*") +$*", %4 )+/*'+4 *!&+'- %# "/(")%*&( %A+O& 6 G &'*+/ #
, &*!+( %##"R/# % O%4@& *+ %/ +$*"+/ A@* "* "# A%#&( +/ % (@A"+@# , +(&4 +. '&%4"*-6 0/ %/%4+R-
)%/ A& ('%3/ *+ *!& $'+A4&, +. %##"R/"/R % O%4@& *+ % R%, & 3!")! "# /+* *3+E$ &'#+/ 3&'+
#@, A%#&( +/ %/ %S "+, %*") %$$'+%)! )%44&( &@"4"A'"@, *!&+'-6
+3 (+&# +/& %##"R/ % O%4@& *+ % /+/E3&'+ #@, +' ,@4*"$ &'#+/ R%,&  !&'& "# /+
4"/&%' $'+R'%,, "/R , &*!+( 2 %/( #+,& R%, &# %'& O&'- ("  )@4* *+ @/(&'#*%/( 6 >/ #@)! )%#&#

%/ %S "+, %*") %$$'+%)! !%# A &&/ #@RR&#*&( A-  +!/  %#! 2 %/( *!& O%4@& %##"R/&( "# *!&
 %#! &@"4"A'"@, 2 ". #@)! &S "#*# 6 0 # 3 "*! *!& O%4@& %##"R/&( *+ +$*"+/# A- *!& %S "+, # +.
)+,$4&*&/&## %/( /+/E%'A"*'%R& 2 '&4- "/R +/ %S "+, %*")# )%/ 4&%( *+ '&#@4*# *!%* (+ /+* #&&,
'&%4 ". *!& %S "+, # (+ /+* %$$4- #+ 3&44 6
 +/#"(&' *!& 3&44E5/+3/ ,@4*"E$ &'#+/ R%, & 3!&'& % '")! , %/ R"O&# % , "44"+/ (+44%'# *+

C.'"&/(#C ". *!&- )%/ %R'&& A- , % +'"*- '@4& +/ !+3 *+ ("O"(& "* 6  !"# R%, & "# O&'- @/#*%A4&
%/( %4*!+@R! +/& )%/ (&O"#& %S "+, # 3!")! #@RR&#*# *!%* *!& O%4@& *+ &%)! +. *!&

.'"&/(#
+@R!* *+ A &
	

2 "* #&&, # *!%* *!& (&)"#"+/ '@4& 3 "44 #*'+/R4- (&$ &/( +/ *!& $#-)!+4+R")%4
#*%A"4"*- +. *!&

.'"&/(# 3!+ ,%- 3&44 *@'/ +@* *+ A & &/&, "&# 6
 !& ,+'%4 +. A+*! #*+'"&# "# *!%* %S "+, %*") $'")"/R "# +/4- %# R++( %# *!& '&%4"*- +.
*!& @/(&'4- "/R %S "+, # 2 A +*! .+'  %#! *!&+'- "/ *!& %A+O& )%#& %/( .+' $'")"/R +$*"+/# A-
%##@, "/R *!& , %'5&* "# .'&& +. %'A"*'%R& 6
ﬂ
7 UX\V   Z  = U<X 9 9W ]:VWX :W T<]U 9WX 9 ;W8 U 6
F%,@&4#+/ %#5&( G) &%/ *+ 
/( 
   ﬃ   e   !  "  ﬃ #@$  	  
   + '.


3!&'&  "# *!& D 4%)5EF)!+4&#EG &'*+/EF%,@&4#+/ &S$+/&/*"%4 , +(&4 6 G ) &%/ R@&##&(
*!& %/#3&' %/( @#&( ,%'*"/R%4& *!&+'- *+ $'+O& "* 6 >* # )4&%' *!%* +/& 3+@4( /&O&' &S&')"#&
3!&/ 

 %/( #+ +/& R@&##&# *!%* *!&'& "# #+, &    #@)! *!%* *!& +$*", %4  ﬃ  *!&

 '#* *", & *!& #*+ )5 $'")& R&*# *+ *!& 4&O&4  6 >. *! "# "# #+ *!&/ *!& O%4@& (&/+*&( A-

   3!"4&
3& %'& @#* R@&##"/R ,@#* #%*"#.-

   ﬃ    .+'    6 0 4#+ .+'  
  3& +@R!* *+ $4%-
.+' #+, & #, %44 *", & 2 ﬃ  %/( *!&/ *!& %O&'%R& '&3%'( 3+@4( A&

   ﬃ  '.

   2  6
F"/)&
2
 ﬃ  !
2
  "
2
 2 3& #&& *!%*

 +@R!* *+ #%*"#.- 


   ﬃ

   !  

   4" 4   
 

   ﬃ       
A@* *!"# "# '&%44- % R@&## %* *!&
h
Qij +. *!& +$*", %4 #*'%*&R-6 1& #&& *!%*

   ﬃ 	



  



  
  
 
3!&'& 
+
 
.
%'& *!& *3+ '++*# +. *!& "/(")"%4 &@%*"+/ 2
 ﬃ   !  
(
0
4
  
m
 6
>* # &%#- *+ #&& *!%* 3& ,%- *%5& 
+
   
.
6  !& /&R%*"O& '++* 2 
.
"# ("#)%'(&(
A&)%@#& 3& /&&(

   A+@/(&( /&%'  ﬃ  2 %/( #+  ﬃ  6
 !& #,++*! 
* $'"/)"$ 4& /+3 )+,$4&*&# *!& R@&##"/R $'+ )&(@'& %/( (&*&', "/&# A+*! 	
%/(  6 1& /&&(

 *+ A & "/  	 %*  ﬃ  %/( *!"# R"O&# *!& *3+ &@%*"+/# .+'  %/( 	 
	



ﬃ     	
+

,



.
	
1
ﬃ
m
0 # 4+/R %#   ! *!&'& "# % #+4@*"+/ 2  ﬃ 
	
.




3 "*!    2 %/( *!&/ 	 ﬃ
 








6
+3 *!& $'++. "# &%#- *!%*    

   6 F",$4- O&'".- *!%* *!& $'+)&##   ﬃ

   '
.

"#
% #@$&', %'*"/R%4& 2 *!%* "#   "# &S$ &)*%*"+/ (&)'&%#"/R 6  !& #@$ &', %'*"/R%4& "/&@%4"*- /+3
#*%*&# *!%* .+' %/- #*+$$"/R *", &  2   


  
 6 F"/)& "* # &%#- *+ )!&)5 *!%*

      
.+' %/-  
  
  "* .+44+3 # *!%* .+' %/-  2 	  
   
+
'
.


  


  
 ﬃ

   6  !"#
m

#%-# *!%*   


   .+' %44  6 >. 3& @#& *!& +$*", %4 '@4& *!&/ &@%4"*- !+4(# *!'+@R!+@* A-
*!& .%)* *!%*   "# % @/".+', 4- "/*&R'%A4& 4+ )%4 , %'*"/R%4& %/( #+ %4#+   

  
 ﬃ

   6
&(
 &, %'5 6 >* #&&, # )4&%' *!%* *!& 
/"*& !+'"3+/ 
  
 O&'#"+/ +. F%,@&4#+/ # $'+A4&,
"# /+* #+4O%A4& "/ )4+#&( .+', 6 >* "# *!& , &,+'-4&##/&## +. *!& &S$ +/&/*"%4 ( "#)+@/*"/R *!%*
, %5&# "* #+4O%A4& 6
7 UX\V   Z 7 =W<;V9WX W  ;W8 U 9 ;U <:U\ :W :U ]99V<X W:VWX 6
 ;W8 U  6   "/( .+'  ﬃ #    
     ﬃ #@$   
)



3!&'& *!& #@$'&,@, "# *%5&/ +O&' *!& #&* +. %44 #*+$$"/R *", &#  %/( # "# *!& +'("/%'-
D'+3/"%/ ,+*"+/ $'+)&## 6  !& #+4@*"+/ "# R"O&/ "/ ﬀF! ﬁ 2
mﬂ%ﬂ
 %/( *%5&# *!& .+',  "# *!&

 '#* *", &  *!%* # 
 
 3!")! , %- A&  ﬃ  6  &'&
 
ﬃ 
ﬂﬂ5
   "# #&&/ .'+, *!&
#,++*! 
* $'"/)"$ 4& *+ A & *!& '++* +.
 
ﬃ 
m

 
4
  


'

	
. 
0
0
2
 6

;W8 U 
6   "/( .+'

 
   
 



   ﬃ #@$

 

 	



3!&'& # "# *!& +'("/%'- D'+3/"%/ ,+*"+/ %# "/ $'+A4&,
m
2 %/(

  ﬃ

   #@$ 


*
# 	  6
0 # "/ *!& 
/"*& !+'"3+/ )%#& ("#)@##&( "/ *!&  &, %'5 "/ 0$$ &/("S
m
2 ^'+A4&,
5
"# #@'&4-
",$+##"A 4& *+ #+4O& "/ *&', # +. &4&, &/*%'- .@/)*"+/# A &)%@#&  (&$&/(# +/

$%'%,&*&'# %/(
*!& +$*", %4 #*+$$"/R '@4& "# +. *!& .+',  #*+$ *!& 
 '#* *", &  *!%* #    
     A@*   "#
R"O&/ A- *!& #+4@*"+/ +. % $ 6( 6& 6

;W8 U 
6   "/(
 

 ﬃ #@$

# 
 '
.


3!&'&  "# %# "/ $'+A4&,
m
6  !& &S$+/&/*"%4 ( "#)+@/*"/R , %5&# *!& $'+A4&, B,&,+'- 4&##C 2
 )%/ A& "R/+'&( 2 %/( *!& $'+A4&, "# &%#-6  !& +$*", %4  "# *!& 
 '#*  #@)! *!%*   &S)&&(# %
*!'&#!+4(  6 F"/)& *!& +$*", %4

 #%*"#
&#
	
4

   

 ﬃ 

 

 +'

 

 ﬃ

2 *! "# $'+,$*# *!&
R@&## *!%*  

 ﬃ 	 ' 4


.+' #+, & 	 %/( .+'


  %/(

 

 



  2 3!&'& 	 %/( 
%'& *+ A & .+@/( A- *!& #, ++*! 
* $'"/)"$ 4& 6 >* # &%#- *+ O&'".- *!%* *!& #%, & %'R@, &/* %# "/
0$$ &/("S
m
2 3+'5# ". 3& *%5&  ﬃ
	
 4

%/( 	 ﬃ '
.
 4

6

;W8 U 
6   "/(
mm
  

 ﬃ #@$   


 
 '.


3!&'& # %/( 
 %'& %# "/ $'+A4&,
5
6  !"# "# % $'+A4&, +. B"/*&', &("%*&C ("  )@4*- %#
("#)@##&( A&4+3 %/( +/& #&&5# % #+4@*"+/ +. *!& .+',   "# *!& 
 '#*  .+' 3!")! #

  
  
3!&'&   "# % .@/)*"+/ *+ A & (&*&', "/&( 6  !& #%, & *&)!/"@& 3& @#&( %A+O& #%-# *!%* "/
*!& '&R"+/ 

  

 3& ,@#* !%O&

  

 ﬃ

#"/)& 3& #*+$ *!&'& 2 %/( "/ *!& '&R"+/
  

 
  


 3& ,@#* !%O&
	
4

 ﬃ 

 6  !"# , &%/# *!%* 3& R@&## *!& .+',

  

 ﬃ

)+#!     

   




 
e

  

 ﬃ



  

 
 !& #, ++*! 
* $'"/)"$ 4& #%-# *!%* 3& /&&(

 *+ A & #,++*! %4+/R  ﬃ   

 2 3!&'& *!&
(&R'&& +. #,++*!/&## "# @#* &/+@R! *+ ,%5&

 (&*&', "/&( 6 >* "# %4#+ /&)&##%'- *+ ",$+#&
*!& )+/("*"+/







 ﬃ  %4+/R

ﬃ

%# "/ *!& @##"%/ +$*"+/ *+ , %5&   % ,%'*"/R%4& %4+/R

ﬃ

6  !"# R@&##3+'5 %44 &%#"4-
4&%(# *+ *!& + 6( 6& 6 .+'   2


   

 *%/! 

   

  
m
3!&'&  ﬃ

5
 6  !& *'%/#.+', %*"+/   

 ﬃ  
,


1

'&(@)&# *!& $'+A4&, *+ *!& )%#&  ﬃ
m
2
A@* *!& #+4@*"+/ #*"44 %$$ &%'# ("  )@4* 6  !& A +@/(%'- )+/("*"+/ "# *!%*

   

   %#

  6
 !& $'+A4&, A&)+, &# /")&' "/ *&', # +. *!& .@/)*"+/

 

 ﬃ

 



 6  !"# #%*E
"#
&#

 

 ﬃ

)+#! 

   

 2 3!&'& 2 #"/)& 3& !%O&  ﬃ
m
2   #%*"#
&# *!& + 6( 6& 6

   

 *%/! 

   

 
m
6 +3 % #",$4& O&'"
)%*"+/ #!+3 # *!%*

 

 ﬃ

)+#! 


  

 #%*"#
&# *!& #",$4&' + 6( 6& 6





 ﬃ



4


 

4
%/( *!& A +@/(%'- )+/("*"+/

 

 

  %#

  6  "# % O&'- #", $4& + 6( 6& 62 A@*
%$$%'&/*4- /+* #", $4& &/+@R! *+ A& #+4O&( +' 5/+3/ 6
 !& $'+A4&, "# '%*!&' , +'& ("  )@4* *!%/ *!%* +. ﬀF!
m
ﬁ  &O&/ *!+@R! 
   # "# %
G %'5+O $'+)&## 3!")! (+ &# /+* #&&, *+ !&4$ !&'& 6  !& #%, & +A#&'O%*"+/ 3%# MKkLj Hc "/
ﬀF!

ﬁ  *+ R"O& % #", $4&' #+4@*"+/ *+ *!%* +. ﬀF!
m
ﬁ  .+' *!& @##"%/ +$*"+/ 6 > 3%/* *+ %'R@&
m5
!&'& *!%* *!"# *'")5 3%# #@))&##.@ 4 "/ ﬀF!

ﬁ  QP Kf A &)%@#& *!& %/#3&' !%( % #", $4& .+', 6 >
*!"/5 ^'+A4&,  (&,+/#*'%*&# *!"# $ +"/* #"/)& *!& #%, & *'")5 3+'5# !&'& A@* (+&# /+* !&4$
%* %44 6 +*& .@'*!&' *!%* .+' *!& $'+A4&, +. *!& %(("*"O& D%)!&4"&' *-$ & @##"%/ +$*"+/ *!&
$'+A4&, "# #",$4& %R%"/ 
 ;W8 U  6   "/(
  

 ﬃ #@$   


 
   
3!&'& # %/( 
 %'& %# "/ $'+A4&,  6  !& +$*", %4  "# *!& 
 '#*  .+' 3!")! #


     2 %#
#!+3/ "/ ﬀF!
m
ﬁ  6 +3 *!& &,A&((&( G %'5+O $'+)&## *&)!/"@& 3+'5# A@* "* # +/4- A &)%@#&
*!& %/#3&' !%# *!& '"R!* .+', 2 *!%* "#

  

 "# % .@/)*"+/ +.

  6 D@* 3& #&& "/ ^'+A4&,

*!%* ". +/& @#&# &S$+/&/*"%4 ( "#)+@/*"/R "/#*&%( +. %(("*"O& ("#)+@/*"/R *!&/ *!& .%)* *!%*

   # "# G %'5+O"%/ /+ 4+/R&' !&4$# A &)%@#&

 (+&# /+* (&$ &/( +/ *!& ("b&'&/)& +.

%/(

6
0 .'&& A+@/(%'- $'+A4&, +. #", "4%' *-$ & 3%# )+,$4&*&4- #+4O&( "/ ﬀDF1 ﬁ  A@* *!& $'&#&/*
+ 6( 6& 62   

 ﬃ


4


 

4
2 %# #", $4& %# "* 4++5# 2 #&&, # *+ A & , +'& ("  )@4* *!%/ *!& + 6( 6& 6
"/ ﬀDF1 ﬁ  2 %/( (+&# /+* #&&, *+ A & &S$4")"*4- &S$'&##"A4& "/ *&', # +. #*%/(%'( .@/)*"+/#
	
6
>* %$$&%'# *!%* *!& #&'"&# %$$'+S ", %*"+/ %*

ﬃ  2
 

 ﬃ

 
	
4

 



 



   
"# +/4- %#-,$*+*") %/( /+* % $+3&' #&'"&# %/( "# %$$%'&/*4- ("O&'R&/* 6
  "/%44-2 *!& ,+'& R&/&'%4 )4%## +. #", "4%' $'+A4&, # '&$4%)"/R "/ ^'+A4&,


  A-  
  
!%# #$ &)"%4 )%#&# 3!")! MkP H gQK$Hc HIJ KLMLNKf LP MKQgHc
h
Qij *!"# "# 3!- > @#&( *!& *&',
B"/*&', &("%*&C ("  )@4*- "/ *!& %A +O& ("#)@##"+/ 

;W8 U 
6   "/(
 



 ﬃ #@$

 

 
 
 '
.


3!&'& # %/( 
 %'& %# "/ $'+A4&,

2 %/(  "# % .@/)*"+/ *+ A & #$ &)"
&( 4%*&' 6  !& #+4@*"+/
.+' %/ %'A"*'%'-  "# R@&##&( A- *!& #%, & ,&*!+( %# *!%* +. $'+A4&,

%# *!& #+4@*"+/ *+ 
	
4

 ﬃ  "/   

 






 	
 
   
  
 
 

     ﬀ
  

   ﬀﬁﬀ
 ﬀ
 
 
 
   
 
ﬁﬀ
  ﬂ ﬃ   ﬂ !
 !
 ! 
"  	
 
 # ﬃﬂ
m
%/(

  

 ﬃ  

 "/ 

  

 #"/)& 3& #*+$ *!&'& 6
 !& #, ++*! 
* $'"/)"$ 4& #%-# *!%* 3& /&&(

 *+ A & #,++*! %4+/R  ﬃ   

 2 %/( 3& %R%"/
/&&(


,
 

 ﬃ  %4+/R  ﬃ

6  !"# %R%"/ R"O&# *!& + 6( 6& 6 .+'   2  

   

 *%/! 


  

     

 2 3!&'&  ﬃ

5
 6  !& *'%/#.+', %*"+/   

 ﬃ  
,


1

%R%"/ '&(@)&# *!&
$'+A4&, *+ *!& )%#&  ﬃ
m
6  !& A+@/(%'- )+/("*"+/ "# %R%"/ *!%*

   

   %#

  6
 !& $'+A4&, %R%"/ A &)+, &# /")&' "/ *&', # +. *!& .@/)*"+/

 

 ﬃ

 



 6  !"#
#%*"#
&#

 

 ﬃ  

 )+#! 

   

 2 %/( 2 #"/)& 3& !%O&  ﬃ
m
2

 #%*"#
&# *!& #",$4&
+ 6( 6& 6





 ﬃ



4


   


4

m

%/( *!& A+@/(%'- )+/("*"+/

 

 

  %#

  6

m
 "# % O&'- #",$4& + 6( 6& 62 A@* "# , %(& #*"44 #",$4&' ". 3& '&R%'(

 %# R"O&/ %/( *!"# %#
%/ kKl HikLM HkNLQP .+'  

 6 d . )+@'#& 3& /&&( *+ #$ &)".- %

 3 "*! %44 *!& /")& )+/("*"+/#
*+ , %5& *!& , %'*"/R%4& %'R@,&/* 3+'5 2 A@* *!"# "# /+* !%'( *+ (+ 6 >/(&&( 2 3& #&& *!%* +/)&

 

 "# #$ &)"
&( 2 *!&/
 

 ﬃ



4


 






4
2
%/(
  

 ﬃ

 )+#!
.
	
  

,

1

,

1
 6
+3 3& #&*

 



 ﬃ  

 )+#! 

   


%/( *!&/

  



 ﬃ  

 #"/! 

   


>* "# &%#- *+ #&& 2 $%'%44&44"/R *!& $'++. "/ 0$$ &/("S
m
2 *!%* *!& $'+ )&##
  ﬃ '.


 #  
  
"# % #@$ &', %'*"/R%4& %/( #"/)&

 



   

 A &)%@#& )+#! 
m
2 "* .+44+3 # &%#"4- *!%*
 






 



 .+' %44



6
m

 + $'+O& *!%* *!& 4%#* "/&@%4"*- "# %/ &@%4"*- 3& /&&( *!& A+@/(%'- )+/("*"+/ +/  +'
&@"O%4&/*4- +.   2
 

 

  %#

 

   

   %#

  6
G +'& $'&)"#&4-2 3!%* "# /&&(&( "# *!%* *!& &@%4"*-   

 ﬃ

  

 !+4(# %/( *+
$'+O& *!"# "* "# #@  )"&/* *!%*   #*+$$&( %*  ﬃ  3!&'&  "# *!& 
 '#*  .+' 3!")! #

  
  
"# % @/".+', 4- "/*&R'%A4& , %'*"/R%4& 6  !&/ &@%4"*- !+4(# "/ *!& )!%"/
  
 ﬃ  

'.


 
 
  ﬃ   
 ﬃ

  


%/( #+   

 

  

 6  !@#  

 6
 

#@$


'
.


 #  
   
 
F"/)&

 





 

 )+#! 

   

 A&)%@#& )+#! "/)'&%#&# "/

  2 3& /&&( &/+@R!
)+/("*"+/# +/  

 2   

 2  

 *+ &/#@'& *!"# 6
0/ &S%,$4& 3!&'& *!"# %44 )%/ A& )%''"&( +@* %/( %44 *!& O%'"%A4&# .+@/( &S$4")"*4- "# 
 

 ﬃ


4
 

 
	
4


 
  

 ﬃ

 4+R 
m
 
	

 

 
 

 ﬃ

,

+
	
1


,

+
	
1
+

0


  6
 



 ﬃ  

 )+#! 

   

    






%/(  



 ﬃ  

 .+'


  

 6 +*&   

   %#

  6 +*& *!%*  

 "# 4"5&

"/ *!%* "* O%/"#!&# %*

ﬃ  %/( "# %#-,$*+*") *+

%#

  6
>. 3& (&
/&

 



 ﬃ  



 R"O&/ A- *!& &S$4")"* .+',@4% %A+O& 2 *!&#& (&
/"*"+/#
&/#@'& *!%* *!& $'+ )&##   ﬃ '
.


 #  
       "# % #@$ &', %'*"/R%4& %/( *!%*    


"# % @/".+', 4- "/*&R'%A4& , %'*"/R%4& ".  "# *!& !"**"/R *", & 3!&/ 
 '#* # ﬃ   
   6  !@#

 



 "# *!& #+4@*"+/ *+ ^'+A4&,
%
.+' *!"# $%'*")@4%' )!+")& +.  2 " 6& 62  ﬃ

 6
+ ",A&((&( G %'5+O $'+)&## 3%# @#&( +' /&&(&( *+ $'+O& *!"# '&#@4* 6 >* "# /+* *'@&
*!%* *!& $'+)&##    ﬃ #     
       "# %/ &,A&((&( G %'5+O $'+)&## 6 > *! "/5 *!"#
&S%,$4& #!+3 # )4&%'4- *!%* *!& .%)* *!%* *!& &,A&((&( G %'5+O $'+)&##

*

*
!&4$ &( "/ #+4O "/R
*!& $'+A4&, .+' *!& @##"%/ +$*"+/ "/ A+*! *!& /&3 +' *!& +4( ,+(&4 .+' *!& &S$+/&/*"%4
D'+3/"%/ ,+*"+/ !%# , +'& *+ (+ 3 "*! )+"/)"(&/)& *!%/ % R&/&'%4 '@4& 6 >* # /")& A@* /+*
'&%44- /&)&##%'- *+ #+4O& *!& @##"%/ +$*"+/ O%4@%*"+/ $'+A4&, "/ *!& 3%- R"O&/ "/ ﬀF!

ﬁ  6
m&


ﬀD ﬁ  <=U VU;   Z HQiLH cH Kk gJ HM KkNLQP 2 0// 6   )+4& +', 6 F@$ 62
m

mﬂ
 2 $$ 6
5m
E
%
6
 &$'"/*&( "/  H kPcQj kikMNHi Q
h 
NQM	  ki	HN  iLMHg2 &( 6 A- ^6 6 ++*!/&' 2
G > ^'&##  %,A'"(R& 2 G %## 6
mﬂ%
2 $$ 6
m
E

 6
ﬀDF1 ﬁ  UXU9  	 Z
 Z TU   Z7 Z  V:9UX<]9UX   ZT Z

Qj H

QK$kKH

NQMkgNLM QP 
NiQK  iQKHj g F*+)!%#*")# 2  
mﬂ
 2 $$ 6
ﬂ
E

6
ﬀF
m
ﬁ T<]U 9WX   Z7 Z kNLQPkK HQif Q
h 
kiikPN  iLMLPl 2 >/( 6 G/R* 6  &O 62
%
2 
mﬂ%&
 2
$$ 6
m
E
 m
2 0$$&/("S A-  = U<X   Z Z2$$ 6
5
E
ﬂ
6
ﬀF
5
ﬁ T<]U 9WX   Z7 Z  kNHj kNLMg Q
h 
JHM KkNL$H  iLMH2 F>0G  &O 62
m&
2 
mﬂ
 2 $$ 6
m
E

 2
0$$&/("S A-
 U;:WX   Z Z
2 $$ 6


E

5
6
ﬀa@45+ ﬁ 
] W  U9 
H PNiQJ f

HQif Q
h 
QPc J NLQP  iLMLPl 6 , # 6
ﬀa@+ﬁ 
]W   Z 
PgLcH

P
h
Qij kNLQP kPc

NQM	  K MNkNLQPg 

HgLg 2 @*R&'#  62
mﬂﬂﬂ
ﬀa@+
m
ﬁ 
]W   Z
0/ &S$4")"* #+4@*"+/ *+ %/ +$*", %4 #*+$$"/R *", & 3 "*! '&R", & #3 "*)!"/R 6
 +@'/%4 +. 0$$4"&( ^'+A%A"4"*-6 +4

2 + 6
5
2
5

m
6
ﬀa@+
5
ﬁ 
]W   Z
>/.+', %*"+/ %/( +$*"+/ $'")"/R 6 @%/*"*%*"O&   "/%/)& 6

E

6 +4
m
6
5

m
6
ﬀ^&#5"'ﬁ 
U9 V; 

W;<X
J NLj kK

NQJJ LPl Q
h
NH  kI Lj j  iQMHgg ﬀ

H  kI Lj kKLNf  iLP 
MLJ KH 0// 6 ^'+A 62
5%
2 
mﬂﬂ
 2 $$ 6
m% m

E
m%

 6
ﬀF! ﬁ
TU   Z7 Z
IJ KLMLN

QK NLQPg NQ

Qj H  iQKHj g Q
h
J NLj kK

NQJJ LPl 0// 6 G%*! 6
F*%*"#* 2

 2 
mﬂ%ﬂ
 2 $$ 6
ﬂﬂ
E
m

m
 6
ﬀF!
m
ﬁ
TU   Z7 Z T V;	<U
  7 Z Z 
H ggLkP J NLQP ﬀ HcMHc HliHN2 0//%4# +.
0$$4"&( ^'+A%A"4"*-2

2 
mﬂﬂ
 2 $$ 6
% m
E
%

 6
ﬀF!
5
ﬁ
TU   Z7 Z T V;	<U
  7 Z Z ﬁ
 kK ggLkP J NLQP
h
Qi

HK KLPl

QiN ^ '+A%A"4"*-
 !&+'- %/( G %*!&,%*")%4 F*%*"#*")# 2 
mﬂﬂ%
 >A'%R",+O 2 > 60 6 %/( ﬂ%"*#&O 2 0 6G 62 a+'(+/
%/( D'&%)! $$ 6
5

ﬂ
E
5m
6
ﬀF!

ﬁ
TU   Z7 Z T V;	<U
  7 Z Z ﬁ ﬃ
H QQ	 kN NH ggLkP J NLQP  !&+'- ^'+A%A"4"*-
%/( 0$$4")%*"+/# 2
ﬂ

mﬂﬂ

 2 $$ 6
m


E
mmﬂ
6
m%
ﬀ %5 ﬁ < 9<;   Z[ Z P

PLNHcLj HPgLQPkK KLP Hki J iQlikjj LPl kJJ iQkM NQ gLPl Kki gNQMkgNLM
MQPNiQK F>0G   6  +/*'+4 d$*", 62
&

mﬂﬂ
 2 $$ 6
%
E
%5&
6
m
